Abstract. Colorectal cancer (CRC) has one of the highest mortality rates in the worldwide and its incidence has been increasing in recent years. Protein tyrosine kinase-7 (PTK7) is an inactive member of receptor protein tyrosine kinase (RPTK)-like molecules, which is involved in tumorigenesis of a variety of cancers. Our study aimed to investigate expression of PTK7 in colorectal tumors (including benign adenomas and malignant carcinomas), and its potential function in tumorigenesis and prognosis. A total of 209 CRC patients and 28 colonic adenoma patients were included in this study. Reverse transcription polymerase chain reaction (RT-PCR) and quantitative real-time PCR were performed in 14 pairs of fresh frozen tissues to evaluate mRNA expression of PTK7. Expression of PTK7 protein in 209 CRC tissues with paired non-cancerous mucosa and 28 adenoma specimens were tested using immunohistochemistry. The expression difference and its correlation with clinicopathological features and overall survival were assessed by SPSS statistics (version 22). P<0.05 was considered significant. RT-PCR and quantitative real-time PCR showed a higher expression of PTK7 mRNA in CRC compared with non-tumorous mucosa (4.87±3.71 vs. 1.33±1.05; P<0.001). PTK7 expression was significantly higher in adenoma (75%) and CRC (68.3%) than in nontumorous mucosa (P<0.001). PTK7 expression was correlated with tumor differentiation (P=0.027), lymph node metastasis (P=0.005), distant metastasis (P=0.001) and TNM stage (P= 0.028) of CRC patients. Significant correlation between PTK7 overexpression and favorable overall survival of CRC patients was observed (P=0.005). Therefore, it may act as a candidate biomarker to predict the occurrence and prognosis of colorectal tumor.
Introduction
Colorectal cancer (CRC) ranks the 4th in the mortality rates worldwide, and in China its incidence has been increasing in recent years (1) . According to the Colon Cancer NCCN Guidelines (version 3.2014), metastases occur in 50-60% CRC patients, and 80-90% of these metastatic patients may have unresectable liver metastasis (2) . About 20% of CRC patients may have synchronous liver metastases (3), which probably means worse prognosis than the patients with metachronous liver metastases (4) . Thus, it is crucial to explore the metastatic predictors and to clarify the mechanism underlying liver metastasis.
Protein tyrosine kinase-7 (PTK7), which is also called Colon carcinoma kinase-4 (CCK4), is one of the receptor protein tyrosine kinase (RPTK)-like molecules. A fragment of PTK7 was first cloned from normal melanocytes in 1993 (5) . It is a transmembrane protein which showed general homology with many tyrosine kinases but may lack catalytical activity (6) . PTK7 is one of the co-receptors for the non-canonical WNT/PCP signaling pathway, and it is involved in vertebrate embryogenesis (7) . Aberrant expression of PTK7 has been found in melanoma, renal clear carcinoma, gastric cancer, epithelial ovarian carcinoma, and intrahepatic cholangiocarcinoma. Several studies have suggested that PTK7 may be implicated in carcinogenesis (8) (9) (10) (11) (12) . However, whether the expression of PTK7 correlates with development and progression of CRC remains unclear.
Our study aimed to investigate the distinct expression of PTK7 among non-tumorous colorectal mucosa, colonic adenoma and colorectal carcinoma, and to clarify the correlation between PTK7 expression and clinicopathological features or prognosis of CRC patients, which helps to elucidate the mechanism of CRC progression and provides a potential therapeutic target.
Materials and methods
Patients and samples. Two hundred and nine patients with CRC were included in this study. They underwent surgical resection during 2004-2008 at Peking university Cancer Hospital, Beijing, China. Each tumor specimen and paired non-cancerous mucosa were formalin-fixed within 30 min after resection, and then embedded with paraffin. Of the 209 patients, 203 have complete clinical records. Patients who received neoadjuvant chemotherapy or radiation were excluded. All the patients were followed up for at least 5 years after surgery, wherein 12 were lost to follow-up. The clinicopathological features of the 209 CRC patients are described in Table I . Another 14 pairs of CRC tissue and paired non-cancerous mucosa were used for reverse transcription polymerase chain reaction (RT-PCR) and quantitative real-time PCR evaluation. These specimens were immediately frozen in liquid nitrogen after resection, and were stored at -80˚C until use. Samples of colonic adenoma of 28 patients were provided by Daxing Hospital Affiliated to Capital University of Medical Sciences (the data of clinicopathological features of the 28 patients are not shown). Informed consent was obtained from each patient. The research Ethics Committee of Peking university Cancer Hospital and that of Daxing Hospital approved this study.
RNA extraction and RT-PCR.
Total RNA was extracted from 14 pairs of fresh frozen tissues using TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, uSA) following the manufacturer's instructions. Then the RNA concentration was determined by NanoDrop 2000 (Thermo Fisher Scientific, Waltham, MA, uSA). Reverse transcription was performed using the 5X All-In-One RT MasterMix (ABM, Inc., Richmond, BC, Canada). In brief, 1 µg of total RNA was added into a 20-µl reaction volume, and then the mixture were incubated at 25˚C for 10 min, followed by synthesis at 42˚C for 50 min, and termination reaction at 85˚C for 5 min. Next, 2X Easy Taq PCR SuperMix (Transgen Biotech, Beijing, China) was used to build up a 30-µl reaction volume to carry out polymerase chain reaction (PCR). The reaction conditions were as follows: pre-denaturation at 94˚C for 5 min; 40 cycles of denaturation at 94˚C for 30 sec, annealing 30 sec at 60˚C, and extension at 72˚C for 30 sec; and the last extension at 72˚C for 10 min. The primer sequences were as follows: PTK7 forward, 5'-CAGTTCCTGAGGATTTCCAAGAG-3' and reverse, 5'-TGCATAGGGCCACCTTC-3'; β-actin forward, 5'-TTAGTTGCGTTACACCCTTTC-3' and reverse, 5'-ACCT TCACCGTTCCAGTTT-3'. PCR products were then separated by electrophoresis of 2% agarose gel at 80 V for 40 min and evaluated by uVP EC3 imaging system (uVP Inc., upland, CA, uSA).
Quantitative real-time PCR. The cDNA obtained by reverse transcription was 5-fold and 50-fold diluted for amplification of PTK7 and expressed Alu repeats (EAR) (13) , respectively. The sequence of EAR primer was as follows: EAR forward, 5'-GAGGCTGAGGCAGGAGAATCG-3' and reverse, 5'-GTCGCCCAGGCTGGAGTG-3'. All reactions were performed in a 10 µl total volume containing 5 µl EvaGreen 2X qPCR MasterMix (ABM, Inc.), 1 µl diluted cDNA and 0.1 µl mixture of 10 µM forward primer and 10 µM reverse primer. The amplification condition was set up as follows: pre-denaturation at 95 ˚C for 10 min, followed by 45 cycles of 15 sec at 95˚C and 1 min at 60˚C. Melt curve stage was then performed to confirm a single product formation. Each sample CRC tissue microarray (TMA) construction. All specimens were H&E stained and observed under a microscope, representative cancerous tissue and paired non-cancerous mucosae were matched to construct CRC TMA according to the methods previously described (14) .
Immunohistochemistry assay. The 4-µm thick slices were baked at 72˚C for 1 h, and then dewaxed and rehydrated through xylene and alcohol with graded concentrations. Hydrogen peroxide (3%) was used to eliminate activity of endogenous peroxidase for 15 min. After PBS washing 3 times, the antigen retrieval was performed in a pressure cooker with EDTA (pH 8.0) (Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China). After cooling to room temperature, the sections were blocked with 5% skimmed milk at room temperature for 1 h, followed by incubation with primary rabbit polyclonal anti-PTK7 antibody (1:7,500, SAB3500340; Sigma-Aldrich, St. Louis, MO, USA) at 4˚C overnight. The ready-to-use EnVision™ reagent (EnVision™ detection system peroxidase/DAB, rabbit/mouse; Dako, Glostrup, Denmark) was then used to bind the primary antibody. The 3,3'-diaminobenzidine tetrahydrochloride kit (Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd. was used to develop substrates. After being counterstained with hematoxylin, the sections were dehydrated with graded alcohol and xylene.
Evaluation of staining. The staining of PTK7 was examined and scored under a microscope by two independent pathologists who were blinded to the patient clinical data. Immunoreactivity score (IRS) was used to assess the staining of PTK7. The percentage of positive cells (PP) was scored as 0 (negative), 1 (<25%), 2 (25-75%), and 3 (>75%) respectively while the staining intensity (SI) was scored as 0 (negative), 1 (weak), 2 (moderate), and 3 (strong). IRS was determined as PP multiplied by SI, IRS=0 was determined to be 'negative' while IRS >0 was 'positive'.
Statistical analysis. SPSS statistics (version 22) was used to perform the statistical analysis. Independent t-test was used to compare the mRNA expression level of PTK7 between cancer tissue and non-tumorous mucosa, and two-tailed χ 2 test was used to compare the expression of PTK7 protein in CRC TMA or adenoma. Two-tailed χ 2 test or Fisher's exact test were performed to assess the correlation between PTK7 expression and the clinicopathological parameters. Overall survival rates were analyzed by Kaplan-Meier survival tests, and P-value was calculated via log-rank test to evaluate the correlation of the patient prognosis with PTK7 expression or other parameters. Multivariate survival analysis was performed with Cox proportional hazards regression model to identify the independent parameters affecting overall survival. P<0.05 was considered significant.
Results

PTK7 mRNA expression in 14 paired fresh frozen CRC tissues.
We examined PTK7 mRNA expression in 14 pairs of CRC tissue and matched non-cancerous mucosa using RT-PCR and quantitative real-time PCR. Of the 14 pairs, 12 pairs showed that PTK7 expression was higher in tumor tissue than in non-cancerous mucosa (Fig. 1) , while the remaining two pairs showed the opposite outcome. Independent t-test based on 2 -ΔΔCt further indicated that PTK7 mRNA expression was significantly higher in CRC tissues than in matched noncancerous mucosa (4.87±3.71 vs. 1.33±1.05; P<0.001).
Expression of PTK7 in colonic adenoma and its association with clinicopathological features of adenoma patients.
We assessed PTK7 expression in sections of 28 patients with colonic adenoma, wherein normal colorectal mucosa was taken along with the adenoma tissue for 27 patients. PTK7 was positive in 29.6% normal mucosa and 75.0% adenoma tissues. PTK7 expression was markedly higher in colonic adenoma than in normal mucosa (75.0 vs. 29.6%; P=0.001). Immunohistochemistry showed a cytoplasmic staining of representative expression of PTK7 ( Fig. 2A) .
Next, we assessed the correlation between PTK7 expression and the clinicopathological features of the adenoma patients, and in these 28 patients, we did not find a correlation between PTK7 expression and gender (P=0.198), age (P=0.198), site (P=0.065) or stage (P=0.841) of adenoma patients (data not shown).
Expression of PTK7 in CRC and its correlation with clinicopathological features of CRC patients.
Of the 209 cases in the immunohistochemistry assay, 7 tumor tissues and 8 non- cancerous mucosa tissues were off-sectioned and cannot be assessed. In the remaining specimens, PTK7 was positive in 138 of the 202 tumor tissues and 40 of the 201 non-cancerous mucosa tissues (68.3 vs. 19.9%; P<0.001), respectively. Immunohistochemical staining showed that PTK7 protein was predominantly localized in the cytoplasm (Fig. 2B and C) . Among the 209 patients, PTK7 expression in tumor samples was obviously higher in CRC patients with well differentiation (P=0.027). For patients with well, moderate, poor differentiation, PTK7 was 90, 68.5 and 54.5% positive, respectively (Fig. 3A) . Early TNM stage (P= 0.028; Ⅰ+Ⅱ vs. Ⅲ+Ⅳ: 77.9 vs. 62.6%; Fig. 3B ), and in patients without lymph node metastasis (P=0.005; lymph node metastasis vs. no lymph node metastasis: 79.1 vs. 60.3%; Fig. 3C ) and distant metastasis (P=0.001; distant metastasis vs. no distant metastasis: 78.8 vs. 57%; Fig. 3D ). PTK7 expression was not significantly correlated with gender, age, tumor size, tumor site, depth of invasion and vascular invasion of CRC patients. For detailed information, see Table II . Expression of PTK7 between tumors with diverse tumor size, depth of invasion and vascular invasion were also compared as shown in Fig. 3E 
Comparison of PTK7 expression in non-tumorous mucosa, adenoma and CRC.
We further compared PTK7 expression in non-tumorous mucosa, colonic adenoma and CRC (Table III) . Normal colorectal mucosa taken along with adenoma and the matched non-cancerous mucosa in CRC TMA were consolidated for statistical analysis. As shown in Fig. 4 , PTK7 expression was lowest in non-tumor mucosa (21.1%) and highest in adenoma group (75.0%). PTK7 expression in adenoma was a little higher than it in malignant tumor (75.0 vs. 68.3%; P=0.515).
PTK7 expression was correlated with better overall survival of CRC patients.
Kaplan-Meier survival analysis and log-rank test showed a significant correlation between PTK7 overexpression and longer survival time (P=0.005, Fig. 5 ). The median survival time was 40.11±3.48 months for PTK7-negative patients and 87.11±3.67 months for PTK7-positive patients, respectively.
Various clinicopathological features that may affect overall survival were evaluated by univariate survival analysis. PTK7 was confirmed to be one of the prognostic factors (HR, 0.464; 95% CI, 0.269-0.8; P=0.006). Other prognostic factors included tumor differentiation (P=0.006), tumor stage (P<0.001) and vascular invasion (P<0.001). These prognostic factors were included in Cox multivariate model. PTK7 was shown to be a novel independent prognostic factor of overall survival (HR, 0.453; 95% CI, 0.254-0.809; P=0.007). Vascular Table II . Correlation between PTK7 expression and clinicopathological features of the colorectal cancer patients. invasion was also shown to be an independent prognostic factor (HR, 2.236; 95% CI, 1.158-4.318; P=0.017). Detailed information are shown in Table IV .
PTK7 expression -----------------------------------------
Discussion
PTK7 is a member of receptor tyrosine kinases (RPTK)-like molecules. Recent studies have found that PTK7, as one of the co-receptors of non-canonical WNT signals, was involved in embryonic development (15) , and it regulates convergent extension, neural tube closure as well as orientation of inner ear hair cells (7, 16) through WNT/PCP signaling pathway. In addition, PTK7 was found to play a role in angiogenesis (17) and epidermal wound repair (18) as well as tumorigenesis. PTK7 was generally regarded as an oncogene. Several studies have found that PTK7 was overexpressed in erythroleukemia cell line (6), AML (19) , liposarcoma (20), gastric cancer (10), esophageal squamous cell carcinoma (21), prostate cancer (22) and glioma (23) . However, downregulation of PTK7 has also been observed in several tumors including melanoma (8) , clear cell renal cell carcinoma (9), lung squamous cell carcinoma (24) , epithelial ovarian carcinoma (12) , and hepatocellular carcinoma (25) .
Our results have proved that PTK7 was overexpressed in colorectal carcinoma both in mRNA level and protein level, which is consistent with the results of Mossie et al (26) and Lhoumeau et al (27) . Compared with these two studies, our study included more patients and also evaluated the expression of PTK7 in benign colonic adenoma, which has not been reported before. PTK7 was expressed in 75% adenoma, which is a little higher than in CRC tissues (68.3%). Moreover, in CRC tissues, PTK7 expression ascended while the tumor size increased. The difference did not reach a statistically significant level (P=0.515 and P=0.715, respectively), but this phenomenon may be a clue that PTK7 was involved in a process of transforming normal cells into tumor cells and can promote cell growth. Overexpression of PTK7 in both colonic adenoma and carcinoma indicated that PTK7 may be an oncogene. We also found that lower PTK7 expression was associated with poor-differentiation (P=0.036), lymph node metastasis (P=0.005), distant metastasis (P=0.001) and advanced TNM stage (P=0.028) of CRC patients. As shown in Fig. 3 , PTK7 was 90, 68.5 and 54.5% positive in well, moderately and poorly differentiated tumors, respectively. The expression rate descended while the degree of tumor malignancy increased. Similar trend can also be seen in tumor stage, that is, PTK7 expression is relatively lower in tumors in later stage. The correlation between PTK7 expression and tumor clinicopathological features indicated a tumor suppressor gene function of PTK7, which is consistent with the study of Wang et al (12) in epithelial ovarian carcinomas.
Furthermore, our data showed that overexpression of PTK7 correlated with favorable prognosis, which is contrary to the results of Lhoumeau et al (27) , but similar with that in gastric cancer (10) . We classified the CRC patients according to distant metastasis or not, PTK7 was expressed in 78.8% patients of non-metastases group and 67.8% patients of metastases group (P=0.049). PTK7 expression showed a gradually decreasing tendency with tumor progression, which is consistent with melanoma (8) and pulmonary adenocarcinoma (28) .
The reasons underlying the diverse functions of PTK7 in different tumors still remain unclear. As PTK7 has several transcriptional variants, we infer that its diverse function and distribution may be attributed to the different variants (29) . Recent studies have shown different functions of full-length PTK7 and its soluble fragment generated by MT1-MMP. The enforced expression of full-length PTK7 can inhibit tumor invasion due to actin cytoskeleton reorganization (30) . Thus, more specific investigation may be needed to elucidate the mechanism of PTK7 function.
In conclusion, we evaluated the expression of PTK7 protein in non-tumorous mucosa, benign colonic adenoma and malignant colorectal carcinoma, and the trend of expression rate appears rising early but declining along with the tumor progression. Expression of PTK7 correlates with lymph node metastasis and distant metastasis. CRC patients with higher PTK7 expression have better prognosis. Therefore, PTK7 may become a candidate biomarker of colorectal carcinoma metastasis.
